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[57] ABSTRACT

This invention relates to method for predicting proper-
ties of a chemical compound, wherein, on the basis of all
available information about the chemical structure and
observed activities, an optimal range of the chemical
structure of a desired property is described with a con-
trol chart or the Mahalanobis’ generalized distance,
thereby the properties of the chemical compound is able
to be predicted by analyzing only the chemical struc-
ture.

4 Claims, 4 Drawing Figures
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METHOD FOR PREDICTING PROPERTIES OF A
CHEMICAL COMPOUND

BACKGROUND OF THE INVENTION

This invention relates to method for predicting prop-
erties of a chemical compound from its structure, by
which it is possible to design a new chemical structure
having a desired property. |

Today, the industrial need to find an effective molec-
ular design technique is growing rapidly. The probabil-
ity of success in the conventional screening process to
discover a useful compound is extremely low. Even the
task of selecting the best compound in a given homolo-
gous group requires an astronomical number of trials.
a-Naphthoic acid, for example, has seven replaceable
positions as shown below.

The number of possible compounds by replacing
these positions with 20 commonly used substituents
amounts to 207 (=1.28 X 10%). Considering the fact that
the number of compounds registered each year to the
chemical abstracts is in the order of 10°, the time and
money for this task is at the impossible level. In reality,
experiences, intuition, ease of synthesis and various
kinds of mechanistic knowledge allow some selections

rather than random approach, but the predictability of

the activity from the chemical structure i1s generally
vVery poor. |

Any practical property of compounds, sometimes
more aptly called activity, is multivariate in nature. This
recognition led many people to apply multivariate anal-
ysis techniques for the problems of the structure-
activity analysis, but at present no universal technique 1s
known.

'To classify the prior art of this field, it 1s customary to
follow Cramer’s example (R. D. Cramer, et al., Chemi-
cal Society Reviews 3, 273 (1974)): (1) lead-generation
techniques and (2) lead-optimization techniques. The
former group of techniques attempt to predict a new
lead compound from known results. At present, there is
no industrially dependable prior art in this field. The
latter prior art aims only at predicting the best com-
pound in the homologs after a lead was discovered.
Although some successful cases have been reported,
they naturally lack the universal applicability. (Y. C.
Young, Journal of Medicinal Chemistry, 24, 230
(1981)).

The common feature of the prior arts 1s that they are
method-oriented rather than problem-oriented. The
models developed elsewhere to explain certain phenom-
ena have been rather mechanically applied to more
complex systems. The following comment by one of the
experts in this field describes the state of this art (R.
Cramer, Chemical Technology, 744 (1980)); *“Let’s not
emulate the drunk who searched for his key under
lamppost, where he could see, rather than the dark
corner, where he lost it!”

This invention contains two new elements: (1) Use of
control chart to define the target, and (2) Use of the
principle of equilibrium as a powerful means to find the
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cause-effect relationship. Unlike many other prior arts,
this process is not designed to “explain” the given phe-
nomena, but it relies on a well-established engineering
art of problem-solving—construction and use of control
chart. (W. A. Shewhart, “Economic Control of Quality
of Manufacturing Products”, Chap. XX, P. 301, D. van
Nostrand Co., Inc., New York 1931). Such an engineer-
ing art is based on the assumption that a desirable out-
come is the consequence of selecting optimum causes. It
tacitly implies that an engineer has to search for causes
when the cause-effect relations are not readily apparent.
In applying the control chart technique to the molecu-
lar design, it will not be complete unless a technique of
the cause-finding is established. Now, in the following
section I will described this part of art in detail. A prac-
tical property or activity of a compound i1s measured
with a particular scale suitable to the object. Such a
practical measure, such as LDsp and EDsg, is usually
broken down to several elementary properties in an
attempt to define the cause-effect relationships. These
elementary properties, such as acidity, lipophilicity,
electronegativity and so on, are less complex, are well-
defined and has a universal meaning.

Because these elementary properties themselves are
not generally predictable from the chemical structures,
such an approach has an intrinsic limitation as a univer-
sal technique of molecular design. To eliminate this
limitation, some people have been attempting to corre-

late a practical property directly to structural parame-
ters (B. R. Kowalski & C. F. Bender, Journal of the
American Chemical Society, 94, 5632 (1972); A. J.

‘Stuper and P. C. Jurs, ibid., 97, 182 (1974)). Although

such an approach has an advantage in offering the di-
rect structure-activity relationships, the choice of struc-
tural parameters are rather arbitrary and, because of
this, this approach has not met with a significant suc-
cess. For such an approach to be successful, the arbi-
trariness of the choice of parameters must be minimized
by the introduction of some new principles. I have done
this by “the principle of balance”.

Any practically useful compound should have a cer-
tain balance of elementary properties. Because the prac-
tical working environments of a compound are gener-
ally complex, the compound of high activity is expected
to satisfy more than one requirements. According to
this principle, the activity will decrease if the desirable
balance of elementary properties is displaced. This prin-
ciple has been proven in practical world in a variety of
ways. The art of control chart, as mentioned earlier,
seeks the optimum ranges of causes to get a desired
effect, and it worked well. In a biological field, the
invariance of partition coefficients of highly active
compounds, in spite of the variety of structures, has
been well recognized. (C. Hansch, Chemical Technol-
ogy, 120 (1977)).

Because an elementary property of a compound is, In
turn, related to a certain structural features, a highly
active compound should, then, possess a certain equilib-
rium of structural features. The control chart technique
is best to express such a structural equilibrium with a
certain allowance. Although the concept of control
chart is a product of engineering wisdom, the idea can
be safely applied to the biological problem. Homeosta-
sis, a principle of equilibrium, should control the re-
quirements of biologically active compounds. As long
as the cause-effect relationships are expressed by the
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control chart, this process has no limitation in its appli-
cability.

A thorough examination of structural parameters and
the correlation coefficients among them is the essential
preparatory step to construct a reliable control chart.
Once the chart is constructed, the structures to be de-
signed should fall within the control limit of the chart,
just as the reaction temperatures and pressures should
be kept within the optimal ranges to obtam a desired

product.

‘The control limit can be shown either on paper or in
terms of the Mahalanobis’ generalized distance from the
center of the desirable zone. The former method is

10

advantageous when a particular compound outside of 15

the limit is to be modified to obtain a higher activity,
because the deviation from the target area is visibly
grasped, but it has a natural limitation of dimension. The
Mahalanobis’ generalized distance is a convenient scale

in sorting out hopeful candidates even in the case of 20

multivariate control chart.

In practice, this process involves the following steps:

(1) A set of compounds of known structures and
activities are grouped by the activity levels. Each com-
pound 1is, then, converted to a series of numerals in a
predetermined format. Each of the numerals describes
an aspect of the structure called structural parameters.
These values are fed into a computer for the processing
described below. This coding process is not particularly
new, except the choice of the parameters.

(2) Using the data set prepared above, the correlation
coefficients of all combinations of two parameters are
calculated and are compared among different activity

235

30

groups. There are, nearly always, such combinations of 35

parameters that give very high correlation coefficients

for the most active group, whereas those for other -

groups are significantly lower. This monopoly of high
correlation by the most active group indicates that this
is one of the required structural equilibria for the high-
est activity. When the structural parameters x;and x;are
the case, an estimated equilibrium constant a; is ex-
pressed by a;j=(x;—b;j)/x;, wherein b; is a correction
factor. This equilibrium equation is derived from the
regression line x;=a;x;+b; which is obtained for the
group of compounds with the desired property. The
value (x;—b;)/x; of the most active group is nearly con-
stant around the value a; while the values of other
groups vary widely.

The value ajjis the estimated equilibrium constant of

two structural parameters x; and x; which reflects a
certain equilibrium of elementary properties for the
highest activity. This simple process gives a new light
to the problem and, in fact, creates a new structural
parameter. This process has not been tried.

(3) By using all parameters prepared in (1) and (2), the
control charts are produced. This is nothing but plot-
ting data either on paper or in the n-dimensional space
by the aid of computer and determine from the plots the
structural outer limit of the most active group. The
discrimination power is the only criterion to compare
- among several control charts.

Thus, the construction and selection of the control
charts are complete. But this process is repeated when a
new addition of data becomes available or when better
structural parameters are suggested.
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BRIEF DESCRIPTION OF THE INVENTION

FIG. 11s a control chart necessary for conducting the
method for predicting properties of a chemical com-
pound according to this invention.

FIG. 2A is a triangular control chart according to
another example of this invention.

F1G. 2B 1s a triangular control chart according to the
example of FIG. 2A.

FIG. 3 1s a control chart according to another exam-
ple of this invention.

DETAILED DESCRIPTION OF THE EXAMPLES

Preferred examples of this invention will now be
described with reference to the accompanying draw-
Ings.

EXAMPLE 1

Method for Predicting Acute Toxicity of Chemical
Substances From Their Structural Formula

Conventionally, the degree of toxicity of a compound
has been known only after actual dose. LLDsgp data for
small animals (intravenous dose) contained in the Merck
Index (9th edition) were thoroughly taken to use as a
learning set, which amounts to more than 300 com-
pounds. The control chart from these data is shown in
FIG. 1. The predictability of this chart was tested with
82 other compounds. The scores of prediction are sum-
marized in Table 1.

In FIG. 1, the following definitions are employed:

LDso/M:

Toxicity scale used for this study. Unit of ordinary
LDsp values are mg/kg, where mg is the quantity
of substance dosed for 50% lethality and kg is the
weight of the test animal.

To standardize this value on the millimore base, the
L.Dsg values 1s divided by the molecular weight. In
FI1G. 1, the quantity is further multiplied by 100 to
avold unfamiliarly small digits.

C—COOH—COHN:

The structural parameter along X-axis. This is an
approximate measure ot lipophilicity, which is
produced by subtracting the numbers of carboxylic
acids and amides from the total number of carbon

atoms.

hCh:

The structural parameter along Y-axis. This value is
the sum of the numbers of such groups that has
two-hereto-atoms on both sides of carbon atoms.

. They include COOH, CONH, COOR,

NHﬁ--NH NHﬁ—Q
o 0

and so forth. This parameter would be related to
the hydrophilicity of molecule. The hCh value is 1
tor carboxylic group and 3 for urea group.

TABLE 1

Scores of Predictability of Toxicitz
No. of Compounds

Control LDsg/M found in the limit
limit  observed (Total No.) Note
1000 =1000 3/3 100% predicted
=300 172 50% discriminated
=30 8/29 72.5% discriminated
=0 8/48 83.3% discriminated
300 =300 5/5 100% predicted
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TABLE 1-continued
Scores of Predictability of Toxicity
No. of Compounds

6

rameters (A +1.989), B+ 1.16, and D, which are defined

as follows: | |
A: The number of active protons (Example: COOH,
OH, aromatic NH, active CH etc.)

Control LDsy/M found in the limit
limit observed (Total No.) Note S B: The number of branches
=30 12/27 55.6% discriminated |
=0 9/48 81.2% discriminated O O O C
V4 V4 / /
(Example: —C , —C , =N -, C=C
The following two cases are shown to illustrate the | | N\ N\ N
10 O NH . C
way to use FIG. 1. o
Compound 1
O C—COOH~—CONH = 8
| hCh = 3
C—ONa - observed LDsg (mg/ke) = 14700
- LDsgp/M = 2290 |
Mahalanobis’ distance = 0.814
C11N»O4Hgl3Na
CH3;CN NHCCHj
|1 {
O I 0)
Compound 11
CH30 | OCH;
O - N O
|- / \ 1
CH30 C—0—(CH3)3—N N—(CHj)3—0—C OCH3;
CH30 2HCl OCHj3
C—COOH—COHN = 3]
hCh =3
LDsg (observed) = 26.6 mg/kg -
MW = 677 -
LDsp/M = 32.768
Mahalanobis’ distance = 32.768
Ca1N32010H44.2HCI
Compound I 1s located within the control limit 1000. ,, '
Since Mahalanobis’ generalized distance of the control o
limit 1000 1s calculated to be 7.6702. This number alone c
can tell that it 1s found within the limit. In the similar 4\ '
way, Compound II is located in the high toxicity re- - —§—0—, C—C—C, etc.)
gion. In order to design a less toxic homolog, this chart . \l/ (|:
clearly show the direction of modification. ,_ 4
PAAMPLE 2 D:Th ber of el d (E le: h
. - D: The number of electron-donors (Example: hetero-
Method for Predicting Goo'd-Taste Compounds From atoms, halogen atoms, armatic c-ring, isolated C=C
Othe_,r Taste-Active Compounds 50 etc.)

Structure-taste relationships are still poorly known. The denominators appeared 1in D/1.1 or
A general control chart to define the structural require- (A +1.989)/1.2 has no particular meaning except bring-
ments of taste-active compounds are shown in FIG. 2A. ing area T to the center of the chart. In this trilateral
The sources of the data are those published in the last 10 chart, the sum of three components is adjusted to be-
years on the low-molecular weight tastants. The total 55 come 1. Within T and T3, only two bitter-tasting com-

number of compounds used for this analysis is 831.
Areas Tjand T;are those of umami (good taste rather

than sweet taste) compounds where all 37 known com-

pounds are included without exception. The areas

Sweet-100, -1, and -0 are those of respective sweetness 60

levels (sweetness of sucrose=1). Sweet-100 consists of

98 compounds whose sweetness are more than 100.
Sweet-1 group has 102 compounds with sweetness less
than 100 but at least 1, including sucrose itself. Sweet-0

(157 compounds) are those reported to have sweetness 65

less than 1. The trilateral chart is borrowed from the
usual way to describe the three-component-system and,
here, expresses the proportion of three structural pa-

pounds are found out of 437 compounds (discrimination
power is 99.5%). While many known sweeteners are
known to show bitter taste at the same time, sucrose (1),
cyclamic acid (2) and aspartame (3) are known {o be
lacking bitter taste. These three ideal sweeteners are
found very near to one of good taste zones, whereas
saccharine (4), which is known to have a slight bitter-
ness, is located a little apart from good taste zones.

To construct FIG. 2A, the principle of balance was
applied. In Table 2, a part of the list of correlation coef-
ficientsis reproduced.

. Here, high correlations are shown for umami com-

pounds and highly sweet compounds, while the coeffi-
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cients gradually decrease toward bitter group. The |
coefficient of A :and_D for umami group is rather low, 0 CH,COOH
but a close examination of data revealed that it consists |
of two clusters entirely apart, and the coefficients for NHZ—CH_C“NH"CH"COOCHii

| »
each group turned out to be 0.995 ard 0.900. These two CH2
clusters correspond to T and Th.
TABLE 2
Examples of comparison of correlation coefTicients 10
Parameter combinations When the taste of sucrose is 1 (one), that of
B and D Aand D Cand D this compound is about 150 times sweeter than
Umami group 0.981 0,679 0.932 the former.
| (0.995)* (s () CH,COOH
(0.900) I
Sweet-100 0.896 0.933 0.834 NHz—CH-C—NH—CH—COOH
Sweet-1 0.915 0.870 0.663 CHz
Sweet-0 0.945 0.854 0.838
Bitter 0.805 0.800 0.678
*See the text. | 20

Now that the umami compounds are taken as those of
most favorably-balanced structures, the equilibrium
constants of two structural parameters are determined ,s CH,COOH
cwo structucal squiibri are smultaneondy required. NHZ-CI'*“C- s e

(A and D, and B and D) with one parameter in com- CHZ
mon, one can reach such an expression of equilibrium as ©
FIG. 2A is the control chart covering all kinds of |
. ) | NHz—CH—C—NH—CH—CONH—CHg,
taste-active compounds. It is a general map, but natu-

FIG. 2A to visibly show the balancing point of three 3
rally too crude for lead-optimization. 40 CH:Z

 Bitter taste

parameters.
EXAMPLE 3
Method for Predicting the Structure of Sweet Tasting 35 Bitter taste
Dipeptides
(V) CH,COOH

In this example, only dipeptides are dealt with. Al-
though aspartame and some similar dipeptides are
known to show strong sweetness, many of similar di-
peptides are bitter. To discriminate sweet dipeptides

(sweetness more than 100) from bltter ones, FIG. 3 was 45

prepared. Bitter taste
In FIG. 3, the structural limit for sweetness is circled.
S V) CIIIZCH2COOH
50 NHZ—CH—C-—NH-—CH**COOCH;J,

0 — At 1.989 | CHz
=D -

R_ C 10693
- b 55

C: The number of carbon atoms
A and D were already defined elesewhere.

This 3-parameter-balance may be expressed with a (V) ?HZCHZCOOH
trilateral chart, but X-Y coordinate is more general and 60 NHz"'CH—C—NH—CH—COOH

easy to handle. CHz

Bitter taste

When aspartame (I) is modified to free acid (Il), to
glutamyl derivative (V, VI) or to other similar struc-
tures (III, IV), bitter taste is observed. On the other 65
hand, VII, VIII are sweet peptides. They are well-dis-
criminated with FIG. 3, therefore, it can be used for
lead-optimization research.

Bitter taste
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-continued
(VID (IDHICOOH /CHB
NH,—CH—C—NH—CH—COO—CH
I | N\ 5
O Clilz CHj3
OH

The sweet taste of this compound is about
120 times sweeter than sucrose. 10

(VIII) COOH

|
NH;=—~CH-—-CNH—CH—COOCH3

| ;

20
The sweet taste of this compound is about 200

- times sweeter than sucrose.

235

30

35

45

50

55

65

10

I claim:

1. Method for predicting properties of a chemical
compound wherein, on the basis of all available infor-
mation about the chemical structure and observed ac-
tivities, an optimal range of the chemical structure of a
desired property is described with a control chart or the
Mahalanobis’ generalized distance, thereby the proper-
ties of the chemical compound being able to be pre-
dicted by analyzing only the chemical structure.

2. The method as claimed in claim 1, applying the
principle of equilibrium thereto, in which a highly ac-
tive compound has an equilibrium of structural features.

3. The method as claimed in claim 2, wherein an
estimated equilibrium constant a;; of two structural pa-
rameters x;and x;is expressed by a;j=(Xj—bj)/X;, said by
being a correction factor, thereby an equilibrium equa-
tion being derived by the regression line x;=a;X;4bj
which is obtained for a group of compounds having a
desired property.

4. The method as claimed in claim 1 or 3, wherein
said control chart is a triangular one or a graph of two-

dimensional X-Y chart.
x * * * ¥
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